ABSTRACT Obesity-associated diabetes in adolescents is increasing throughout the world. In this study, body mass index and capillary blood glucose were measured in a randomly selected sample of adolescents from 3 Lebanese private schools. Obesity was evaluated according to International Obesity Task Force cut-offs. Out of 300 students, 18.7% were at risk of obesity and 3.0% were obese. Random glycaemia level was ≥ 140 mg/dL in 10.3% of students. In those fasting, 10.5% had glucose intolerance and 3.5% had diabetes. Glucose levels were significantly higher in overweight versus normal weight individuals: 86 (SD 13) versus 96 (SD 16) mg/dL. Among the normal weight group 8.6% had abnormal glycaemia while among those who were overweight 37.0% had abnormal glycaemia. Lebanese school students have high rates of overweight and of obesity-associated diabetes and glucose intolerance. 
Introduction
Childhood obesity is increasing worldwide and it has become the most important chronic disease of childhood [1] . Type 2 diabetes mellitus (DM) during childhood and adolescence, first diagnosed among Pima Indians in 1979, is accelerating in parallel [2] [3] [4] [5] [6] [7] . In 2000, an alarming increase of childhood type 2 DM among ethnic minorities in the United States was described [2] . Type 2 DM has also been reported among children in Europe [4] [5] [6] . The evidence for an association between childhood obesity and type 2 DM is growing [2] . It has been demonstrated that severely obese children and adolescents with impaired glucose tolerance are at very high risk for developing type 2 DM over a short period of time [8] .
Lebanon is a developing country in economic transition. However, epidemiological transition too is beginning to appear in the population. We can observe the gradual adoption of developed country lifestyles in terms of eating habits and physical inactivity. In previous studies, in both private [9, 10] and public schools [11] , Chakar and Salameh demonstrated that childhood obesity was a growing problem in Lebanon, In private schools, 10.1% of boys were obese and 28.8% at-risk of obesity (overweight but not yet obese) while 4.2% of girls were obese and 19.0% atrisk of obesity [9, 10] . In public schools, as expected, lower rates were found for boys; 6.7% were obese and 20.8% atrisk of obesity, while for girls 6.0% were obese and 20.3% at-risk of obesity [11] . The objectives of this pilot study were to investigate the association between obesity and diabetes in Lebanese adolescents attending private schools.
Methods

Study population
This was a cross-sectional pilot study performed on adolescent school students attending Lebanese private schools between April and June 2007. School directors of 3 private schools located in an urban area of Mount Lebanon were contacted, and an informed consent form was sent to parents to be signed before the study began. Students aged 11-18 years of age were included in the study. A minimal sample size of 297 students was to be selected, given a prevalence of 5% and a precision of 2%. Out of the provided lists of students, a random sample of 300 students was selected from the 3 schools. Those reporting an existing diagnosis of DM were excluded and replaced by others.
Data collection
Short questionnaires were distributed to the students, and they were asked about their sex, age, diabetes-associated symptoms and if they had eaten anything on that day.
A fingerstick blood capillary sample was taken for glycaemia measurement (Accucheck) by 3 trained researchers in collaboration with the school health professional or school director. Random glycaemia (without necessarily fasting) was then classified as normal (< 140 mg/dL) or higher than normal (≥ 140 mg/dL), according to the recommendations of Rolka et al. for diabetes screening [12] . Fasting glucose was classified as follows: normal (< 100 mg/ dL), prediabetes/glucose intolerance (100-125 mg/dL) or diabetes (≥ 125 mg/dL) [13] .
Students' weight and height were measured using the same calibrated balance (Soehle, sensitivity 500g) and stadiometer for height measurement (Stanley, MABO Microtorse); shoes were removed and measurements were made with light indoor clothing only. Body mass index (BMI) was calculated in kg/m2 and used to as a measure of obesity [14, 15] . As adult cut-off values are not valid for adolescents [16] , obesity and at-risk of obesity (i.e. overweight but not yet obese) were defined according to the cut-offs of the International Obesity Taskforce criteria for BMI of children aged 2-18 years, which for age 18 years pass through the widely used points of 25 kg/m2 and 30 kg/m2 and for adult overweight and obesity respectively [16] . In this article, we use the term "overweight" to define individuals of higher than normal weight (both obese and at-risk of obesity).
Statistical analysis
Data entry and analysis were performed using SPSS statistical software, version 11.5. Fisher exact test was used to compare prevalences between age groups and between boys and girls. Student t-test was used to compare between group means and standard deviation (SD) of continuous variables.
Results
The sample comprised 150 (50.0%) boys and 150 (50.0%) girls in the following age groups: 141 (47.0%) aged 11-14 years and 159 (53.0%) aged 15-18 years.
Obesity and at-risk of obesity
According to the BMI classification, 18.7% of students were at-risk of obesity, while 3.0% were obese. The 11-14-year-olds had a higher prevalence of at-risk of obesity than the 15-18-yearolds (23.4% versus 14.5%) but this did not reach statistical significance (P = 0.092). Compared with girls, boys had significantly higher rates of obesity (4.7% versus 1.3%) and at-risk of obesity (26.7% versus 10.7%) (P < 0.001) ( Table 1) .
In stratified analysis, there were no significant differences in the proportions who were overweight between the 2 age groups of boys, whereas for girls the rate of overweight (obese plus at-risk of obesity) was 17.8% in girls 11-14 years old versus 6.5% in those aged 15-18 years old (P = 0.005) (Table 1) .
Glycaemia, diabetes and obesity status
Out of 300 students, 31 (10.3%; 95% CI: 7.1%-14.3%) had a random capillary blood glucose level ≥ 140 mg/dL. Of 143 students reporting that they were fasting on the day of the study, 123 (86.0%, 95% CI: 80.3%-91.7%) had a fasting glucose level < 100 mg/dL (normal) 15 (10.5%, 95% CI: 5.0%-15.5%) had glucose 100-125 mg/dL (glucose intolerance) and 5 (3.5%, 95% CI: 1.1%-8.0%) had glucose ≥ 125 mg/dL (diabetes). Figure 1 shows the association between overweight and diabetes status. There was a significant increase in the risk of prediabetes (29.6%, relative risk = 4.93) and diabetes (7.4%, relative risk = 2.85) in overweight versus normal weight students (P = 0.001). Table 2 presents the diabetes-associated symptoms reported by students. Suffering from at least 1 chronic symptom, in particular blurred vision and slow wound healing, was significantly associated with a random capillary glucose level ≥ 140 mg/dL (P = 0.001). No statistically significant differences between boys and girls were found for diabetes-associated symptoms. Mean random capillary glucose levels were significantly higher in overweight than normal weight students: 96 (SD 16) versus 86 (SD 13) mg/ dL (P < 0.001). In addition, 8.6% of the normal weight group had abnormal glycaemia while 37.0% of those who were overweight had abnormal glycaemia (P < 0.001).
Discussion
In this study we found high rates of adolescents, particularly boys, suffering from overweight. We also found alarming rates of abnormal random and fasting glycaemia. Capillary blood glucose levels were significantly higher in students who were overweight than those who were normal weight. Three years after the 2005 study, the pattern of obesity and at-risk of obesity in Lebanese private schools and the differences between boys and girls are the same; boys were more obese than girls, and age differences in obesity were significant only in girls, with higher ages associated with lower rates of overweight [9, 10] . Our results are also comparable to those of Sebai et al. in Lebanon for boys and girls: 22.5% versus 16.1% for overweight and 7.5% versus 3.2% for obesity respectively [17] . They are also comparable to those reported for the USA population, with rates of obesity of 10.9% and at-risk of obesity of 22% in children aged 6-17 years [18] .
The rates of diabetes were somewhat higher than those found elsewhere in the world for children and adolescents [2-6]. Pearson et al. performed a similar study in Copenhagen schools and found similar patterns of obesity and overweight, although few students had abnormal glycaemia [19] . In addition, the SEARCH for Diabetes in Youth study group in the year 2001 estimated the overall prevalence of type 2 diabetes in youth aged 10-19 years as 0.42 per 1000 (95% CI: 0.39-0.45), with considerable variability across race/ ethnic groups [20] . These figures are different from those reported by the Third National Health and Nutrition Examination Survey; their estimated prevalence of diabetes per 100 adolescents aged 12-19 years was 0.41% (95% CI: 0%-0.86%). The prevalence of impaired fasting glucose (≥ 6.1 mmol/L) among adolescents without diabetes who had fasted for at least 8 h was 1.76% (95% CI: 0.02%-3.50%) [21] .
Another study in the Middle East found a prevalence of impaired glucose tolerance tests of 0.25% in individuals < 14 years and 0.21% in those 14-29 years. It also found a diabetes prevalence of 0.12% and 0.79% respectively in these age groups [22] . Our results of 10.5% for impaired glucose and 3.5% for hyperglycaemia are much higher than those reported in developed or developing countries [22, 23] . This suggests that immediate interventions are needed in adolescents in Lebanese schools to diagnose and treat DM.
All the cases of diabetes were previously undiagnosed, since having diabetes was an exclusion criterion, but we could not make a specific diagnosis for diabetes, to know if it was type 1 or type 2 DM. However, since glycaemia abnormalities were more common in overweight individuals and the symptoms presented by these adolescents (such as slow wound healing, blurred vision) were not severe enough to stimulate immediate help-seeking, we have reason to believe that they had impaired glucose tolerance or hyperglycaemia caused by higher insulin resistance associated with type 2 DM [24, 25] . In fact, insulin resistance is a common feature of childhood obesity and is considered to be an important link between adiposity and the associated risk of type 2 DM, metabolic syndrome and cardiovascular disease. Several factors are implicated in the pathogenesis of obesity-related insulin resistance, such as increased free fatty acids and hormones and cytokines released by adipose tissue [26] .
In addition, there is a possibility of a non-differential classification bias, since the apparatus we used to measure glycaemia may be less sensitive or specific than regular laboratory measurements. While we have no reason to believe that the results would change if we use more accurate tests, there is a possibility of improvements in sensitivity [12] that could provide higher estimates of the prevalence of diabetes. Nevertheless, further larger-scale studies are needed to confirm the findings of this pilot study and provide more evidence of the need to assess and diagnose diabetes in the Lebanese adolescent population.
In the meantime, prevention of type 2 DM by healthy eating habits and physical activity education are necessary for all adolescents [13] . Screening should also be regularly performed according to worldwide recommendations, such as those of the American Diabetes Association [27] .
In conclusion, we found high rates of both obesity and diabetes; therefore, diagnosis and treatment of both these problems in Lebanon should be a priority for children and adolescents and should be offered to individuals who need it.
